The coronary arteries are diffusely involved by atherosclerotic plaques in fatal acute myocardial infarction (AMI). 
that thrombi, when found in extramural coronary arteries in transmural infarction, generally indicate the presence of pump failure for some time before death; (4) that thrombi in coronary arteries usually are located at, and just proximal to, sites already severely narrowed by old atherosclerotic plaques; (5) that although coronary arterial thrombi do not appear to precipitate AMI, thrombosis, nevertheless, may cause the underlying atherosclerosis; (6) The extramural coronary arteries are diffusely involved by old atheroselerotic plaques in patients dying of AMIP (figs. 1 and 2). The degree of luminal narrowing varies, but some plaques are present on the intimal surface of virtually every millimeter of major artery. The extent of the coronary arterial atheroselerotic process in fatal AMI was dramatically demonstrated to Roberts and Buja by examination of three histologic sections in every 5-mm segment of the entire left main, left anterior descending, left circumflex, and right coronary arteries.' Of several thousand histologic sections of coronary arteries examined in 74 patients with transmural necrosis, in nine patients with subendocardial necrosis and in 24 patients who died suddenly (< 6 hours after onset of symptoms, but with no myocardial necrosis), only four sections (excluding those in three patients with coronary arterial emboli) were free of old atheroselerotic plaques. A coronary artery, however, may contain a considerable amount of atheroselerosis and yet be capable of transporting substantial quantities of blood to the myocardium. When the degree of coronary narrowing decreases the original lumen by more than 75%, the flow in the vessel is significantly decreased. In the carotid artery, a detectable reduction in flow and pressure does not occur until the degree of luminal narrowing is >8W%.2 Among the 107 necropsy patients studied by Roberts and Buja, the average number of major coronary arteries (three per patient, excluding the left main) narrowed > 75% by old atheroselerotic plaques were: 2.4 in 74 patients with transmural necrosis; 2.1 in nine patients with only subendocardial necrosis; and 2.4 in 24 patients who died suddenly. Similar observations had been made by Saphir and associates,3 Blumgart et al. 4 and Yater et al.5 who found "complete occlusions" of usually two major coronary arteries in patients dying with angina pectoris or of AMI. The degree of coronary arterial luminal narrowing by old atheroselerotic plaques is identical in patients with fatal AMI who have coronary thrombi and in those without coronary thrombi. 6 The sites of maximal narrowing of major extramural coronary arteries are highly variable from patient to patient, but certain patterns emerge when large groups of patients with fatal AMI are examined. The lumen of the left main coronary artery is infrequently narrowed > 75% by old atheroselerotic plaques. In two of the 107 patients studied by Roberts and Buja this vessel was narrowed to this degree. Maximal narrowing of the left anterior descending and left circumflex coronary arteries is usually within 2 em of the bifurcation of the left main artery. The proximal and midportions of the right coronary artery also appear to be predisposed to greater degrees of luminal narrowing by old plaques than does the distal portion. The main function of the right coronary artery is to supply the posterior wall of left ventricle via its posterior descending branches. Thus, narrowing of the right coronary artery at any site proximal to the origins of the posterior descending branches might have similar functional significance. In other words, the left coronary arterial tree begins supplying the left ventricle with oxygen about 2 em from its origin from the aorta; the right coronary artery does not begin perfusing the left ventricle until it has traveled in the right atrioventricular sulcus for about 12 em. Thus, severe narrowing of the right coronary artery 11 em from its aortic ostium might be as significant a lesion as a similar narrowing 2 cm from its ostium. In contrast, severe narrowing of the left anterior descending coronary artery 11 em downstream without significant proximal narrowing may have minor myocardial consequences.
Atherosclerotic lesions generally have been classified into three types :7 (1) yellow (fatty) streaks or dots; (2) fibrous plaques; and (3) complicated plaques. The latter plaques contain calcific deposits, cholesterol clefts, thrombus, or all three, and they may ulcerate (into the arterial lumen) or weaken the vessel wall so that it dilates. The atheroselerotic plaques Circulation, Volume XLV, January 1972 Figure 1 Major extramural coronary arteries at site of maximal niarrotwinlg in a 54-year-old wormian (SH#A4571) wvho died suiddenly at home. She had had angina pectoris for several years but niever a myocardial infarct or congestive cardiac failutre. At autopsy, the heart weighed 300 g, and no foci of myocardial necrosis or fibrosis were present. (a) Right coronlary artery 3 Why fresh thrombi are located at sites of narrowing is unclear. Several investigators' 3 6,33 40 have observed thrombi covering cracks in old atherosclerotic plaques, and some36-38, 40 have considered rupture of the innermost layer of plaques the important precipitating cause of coronary arterial thrombosis. Ruptures occur particularly in fibrous tissue covering deposits of pultaceous debris and lead to discharge of necrotic debris into the arterial lumens or to bleeding into plaques. The break in the plaque exposes collagen to the flowing blood, and this site is said to be a strong stimulus for platelet accumulation.41 The sudden change in volume of the plaque by discharge of plaque material into the lumen or from hemorrhage into the plaque via the rupture also creates alterations in flow patterns which favor platelet thrombo- (c and d) Anterior descending coronary artery 6-7 cm from the aortic ostium in a 59-yearold woman (A68-285) who had the onset of acute transmural myocardial infarction 48 hours before death. She had the onset of intermittent chest pain 2 months earlier and systemic hypertension for 10 years. Her final 2 days were characterized by shock, pulmonary edema, and bradycardia. At autopsy, a "massive" anterior-wall infarct, which was aneurysmally dilated, was present. The lumens of all three major coronary arteries were >75% narrowed by old plaques. In addition, a small occluding thrombus was present in the left anterior descend- severely diminished cardiac output and consequently slowed coronary arterial blood flow is usually required for a thrombus to form in a coronary artery. It has also been observed at necropsy that the larger the area of myocardial necrosis the more likely will a thrombus be present in a coronary artery. Of course, the larger the infarct, the more likely will pump failure occur.
The type of activity of patients at the time of onset of AMI also may reflect slowed blood flow. Master, Dack, and Jaffe44 interviewed 890 patients with AMI and found that symptoms of myocardial necrosis appeared in 73% of them during sleep, rest, or mild activity (table 1). For myocardial necrosis to begin during inactivity is in direct contrast to angina pectoris, which appears during activity, but is associated with similar degrees of coronary arterial luminal narrowing.4 45- 47 It would appear that decreased coronary arterial blood flow, i.e., relative stasis, is necessary for a thrombus to form in a coronary artery and that shock, congestive cardiac failure, and inactivity all decrease coronary flow. The slow-flow concept, however, does not explain the occurrence of coronary arterial thrombi at sites of, and proximal to, severe stenoses caused by old atherosclerotic plaques. Luminal narrowing, however, does introduce points Several explanations have been offered for the absence of coronary arterial thrombi in patients dying of AMI or of "acute cardiovascular collapse without myocardial necrosis." Postmortem lysis of thrombi as a result of excessive production of fibrinolysins has not been proved or disproved although several observations tend to discount this explanation. In fatal AMI or sudden death the major coronary arteries in patients without definite thrombi are frequently free of blood or blood products. If fresh thrombi had been lysed immediately postmortem, partially liquified blood or a remnant of a thrombus within the lumen would be expected, and this has not been the case. Necropsies performed within 15 min on patients with coronary heart disease dying suddenly have not disclosed evidence of partially lysed thrombi.28 It is unlikely that postmortem lysis of thrombi could be so selective as to liquefy only those thrombi which allegedly might have been present in patients with subendocardial necrosis and not lyse those thrombi associated with transmural necrosis. It is unlikely that postmortem lysis, an artifact, which in a sense occurs by chance, could account for identical percentages of thrombi being present in separate but similar studies carried out a decade apart by the same investigators. 16' 28 Inadequate examination of the coronary tree so that thrombi, though actually present, were not observed is highly unlikely. At least three histologic sections of every 5-mm segment of the entire extramural coronary arterial tree were examined in the study of 107 patients with fatal AMI by Roberts and Buja.1
The chance of missing a thrombus by this technique is unlikely.
The absence of thrombi in coronary arteries of many patients with AMI may explain in part the lack of clear-cut benefits provided to patients with AMI treated with anticoagulants. After the use of these drugs for 20 years, Circulation, Volume XLV, January 1972 controversy still continues as to whether or not they are beneficial to patients with AMI. Of factors favoring the use of anticoagulants in patients with AMI, the purported ability of these drugs to inhibit the formation or extension of a thrombus in a coronary artery has been high on the list. This factor, however, had been based on the supposition that AMI is usually caused by coronary thrombosis. The incidence of coronary arterial thrombi in fatal AMI in patients treated with anticoagulants is similar to that in patients not receiving anticoagulants. 6 Although it may not be the precipitating Figure 5 Left atrial thrombi in each of two patients with mitral valvular disease. Organization of these thrombi may result in plaques that may look identical to complicated atherosclerotic plaques. (a) Section of left atrial wall in a 50-year-old woman (A67-210) with a huge thrombus. Organization of portions of the thrombus led to development of numerous cholesterol clefts, pultaceous debris, and calcific deposits, as well as fibrous tissue-components of arterial atherosclerotic plaques. (Hematoxylin and easin stain, X 20.) (b) Section of portion of left atrial wall in a 60-year-old man (A70-280) with severe mitral regurgitation. Mitral valve replacement was performed 50 days before death. Organizing mural thrombus was found in the left atrium at autopsy. The section shows strands of fibrin (dark) interspersed with strands of fibrous tissue (light) on the endocardial surface of the left atrium. This process represents organization of a thrombus-probably 50 days old-and is virtually identical to the fibrin-fibrous tissue lesions that occur in coronary arteries. (Phosphotungstic acid-hematoxylin stain, X 10O.) are occlusive they organize by retracting into eccentric plaques. The conversion of thromboemboli to plaques is important evidence for the thrombotic origin of atherosclerosis. When platelet-rich thombi rather than whole blood clots are injected, typical Hemorrhages into old atheroselerotic plaques are common, occurring in 26 (24%) of 107 patients studied by Roberts and Buja,' but they probably are of little functional significance. In only one of the 26 patients with hemorrhages into plaques studied by Roberts and Buja did the lumen of the artery appear to have been compromised by the extravasated blood. In contrast to thrombi in coronary arteries in fatal AMI, hemorrhages often occur in coronary arteries unrelated to the area of necrosis, and they may occur in more than one artery or in multiple sites in the same artery. Hemorrhages appear to form from either breaks in the fibrous capsule covering a plaque or from rupture of a small vascular channel within a plaque. Each of these mechanisms is difficult to prove in the individual patient. Possibly small hemorrhages into old plaques occur chronically and have little to do with AMI. It is possible that some hemorrhages into old plaques may be produced artifactually during cutting and processing of coronary arteries for histologic study. A possible detrimental effect of hemorrhages into plaques is the occurrence of superimposed thrombi. This association, however, is not as frequent as once supposed. The two may occur together, presumably when a crack in a plaque is the responsible mechanism. Fulton,43 J0rgensen et al.,6 and Roberts and Bujal did not find an association between hemorrhages into plaques and coronary thrombosis, probably because the majority of thrombi were observed over plaques that consisted predominantly of fibrous tissue. 43 The incidence of hemorrhages into plaques does not appear to be increased by the use of anticoagulants. 6' 43 Coronary Arterial Embolism The occurrence of a clot in the distal portion of a major extramural coronary artery suggests that the cause is embolism rather than thrombosis. This situation occurred in three of 107 patients with fatal AMI studied by Roberts and Buja. Coronary arterial embolism differs from thrombosis in the following manner: (1) the clot is located distally, not proximally, and is usually in the anterior descending coronary artery; (2) the clot extends into intramural coronary arteries and into the epicardial branches of the major extramural vessel (in thrombosis, no clot is found in intramural coronary arteries and uncommonly in the small epicardial branches of major vessels); and (3) the entire extramural coronary arterial tree is relatively free of old atheroselerotic plaques. It is difficult to make the diagnosis of embolism anatomically if the lumens of the coronary arteries are >50% narrowed by old plaque. Also, patients with emboli are usually relatively young and the predisposing circumstances exist for embolism to occur (arrhythmia, infective endocarditis, intracardiae mural thrombosis, etc. ) 72 
